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To enter new markets and remain competitive in the existing markets, companies need to shift their focus from
traditional means and ways to some innovative approaches. Though the paper industry in India has improved
remarkably on its technological and environmental issues, yet it shows a low rate of innovation. The present paper
attempts to review the industry in the perspective of technological innovations and investigates empirically the role
of innovations in performance improvement and pollution control. Multivariate analysis of variance and discriminant
function analysis are applied for data processing. The findings reveal that the mean scores on the factors, such as
sales, quality, and flexibility, are higher for the good innovators than those for the poor innovators. Conversely, the
factors which are likely to be reduced as a result of innovations, such as time, cost, emissions, and disposal of
waste, have shown higher means for the poor innovators.
Keywords: Discriminant function analysis, Paper industry, Performance, Multivariate analysis of variance,
Technological innovationBackground
The basic philosophy behind any business organization
is to produce the intended products and sell them to
earn profit and satisfy customer requirements. Profitabil-
ity and other such targets can be achieved, maintained,
and excelled only when the performance is regularly
measured and monitored. Organizations design their
own systems of performance evaluation depending on
the environment they work in and the nature of their
operations. According to Fitzgerald et al. (1991), the
framework for measuring the performance of any
organization should integrate the measures that relate to
results, such as competitiveness, and those that focus on
the determinants of the results, such as quality and
innovation. To enter new markets and remain competi-
tive in the existing markets, companies need to shift their
focus from traditional means and ways to some innova-
tive approaches. Various studies have been reported in
the literature to draw the attention of academicians and
professionals towards the role of technological and non-
technological innovations in performance improvement.
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any medium, provided the original work is propeimplementation of a new or significantly improved prod-
uct, process, marketing method, or organizational
method in business practices and organizations. Innova-
tions in technical specifications, materials, and character-
istics, of a product are said to be product innovation,
whereas innovations pertaining to technique, process,
and equipment are known as process innovation. The
product and process types of innovations are together
known as technological innovations and abbreviated as
TPP. The non-technological category includes innova-
tions related to marketing and organizational practices
(OECD 2005).
With an annual output of over 6 million tons and an esti-
mated turnover of US$3,400 million, the Indian paper in-
dustry is continuously progressing towards a projected
demand of 8 million tons of paper in the year 2010 and 13
million tones by 2020 (Paper industry in India 2009).
Though the industry has improved remarkably on its
technological and environmental issues, yet it shows a low
rate of innovation. Challenges such as pulp quality vari-
ation, high consumption of water and energy, raw material
cleaning and storage, flexibility to reduce the multiplicity of
paper grades, use of forest resources, water and air pollu-
tion, and production of solid waste are still alive.is an Open Access article distributed under the terms of the Creative Commons
licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
rly cited.
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ters and mobile phones, but a lot of technology is
involved in the pulp and paper process. Also, as technol-
ogy develops, paper can become much more than what
it is today (Karlsson 2009). Karlsson (2009) quotes a pro-
fessor of Fibre and Cellulose Technology at Åbo Aka-
demi University, ‘It’s difficult to say why the industry
isn’t that attractive any more. Perhaps young people find
paper to be something old-fashioned and boring and
think that its development is complete, but this is not
the case at all. There is still a lot to explore, and we are
in an exciting phase when innovative thinking is needed
to take the industry forward. Now, more than ever, we
need talented people.’
The present paper attempts to review the industry in
the perspective of technological innovations. The study
investigates empirically how such innovations contribute
in performance improvement and pollution control.
Literature review
Neely et al. (1995) have defined performance measure-
ment as quantification of effectiveness and efficiency.
They have discussed important performance measures re-
lating to cost, quality, time, and flexibility. Since there are
numerous dimensions of each one of these performance
determinants, researchers have applied them differently.
Kaplan and Norton (1992) have a balanced scorecard ap-
proach of performance measurement which suggests four
perspectives of any organization to be considered - finan-
cial (e.g., sales), internal business (e.g., flexibility), cus-
tomer (e.g., quality, cost, and time), and innovation and
learning (e.g., ability to innovate). Gomes et al. (2006) have
identified 25 performance factors in manufacturing. They
categorized them into six dimensions through factor ana-
lysis - operational responsiveness, market-related, cos-
tumer-driven, quality orientation, employees’ involvement,
working conditions, and innovation.
Innovation has emerged as a key to success for compan-
ies which want to remain competitive in the market or
enter a new market. Researchers have been studying vari-
ous issues pertaining to innovations in different industries
such as pattern of innovation (Pavitt 1984; Freel 2005),
determinants and measures of innovation (Wan et al.
2005; De Jong and Vermeulen 2006), process of
innovation (Nieto 2004), manufacturing strategies and
innovation performance (Prajogo et al. 2007), and impact
of innovation on companies’ performance (Lin and Chen
2007; Mansury and Love 2008). Manufacturing sector has
particularly witnessed a positive relationship between firm
innovation and its performance (Loof and Heshmati
2002). The study by Lin and Chen (2007) is about the role
of innovation in performance gain in the context of small
and medium enterprises (SMEs) in Taiwan. Their findings
include that the majority of the sample companies havedone innovation in some form or the other. They also
conclude that two types of innovation - technological and
marketing - were more prominent than other types.
Though the effect of innovation activities has been posi-
tive on the overall performance, yet they do not contribute
strongly to the company sales. Mansury and Love (2008)
have conducted a study in the service sector in the USA.
Their findings also indicate a positive relationship between
innovation and performance with productivity as an
exception.
Results and discussion
The responding companies consist of manufacturers of
paper, suppliers of raw material or equipments, and those
which may be categorized as both supplier as well as
manufacturer. The sample companies have been labeled
as small or large based on the number of their full-time
permanent employees. Companies with 100 or less
employees are called small, and the ones with more than
100 are referred to as large.
Company innovativeness
Compatible with the Oslo Manual of OECD (2005) and
based on the evidence from the literature (Wan et al.
2005; De Jong and Vermeulen 2006), a set of six ques-
tions was developed to measure the magnitude and nov-
elty of innovation commercialized by the firms. The
questions ask about the number of technologically new
or improved processes or products (raw material in case
of suppliers) implemented or introduced by a firm first
time to itself or to the industry during the last three
years (April 2006 to March 2009).
For computation convenience, an equal weightage has
been assigned to each item, and hence, the simple average
of the scores of a company on these six items represents its
technological innovativeness (INNO). Such scores have
ranged between 0.33 and 5.83 with a mean of 3.78. For fur-
ther analysis, the companies with average score of 3.78 or
less are designated as poor innovators (denoted by numeral
1); those with higher values, as good innovators (denoted by
numeral 2). As shown in Figure 1, around 62% of the man-
ufacturers have been assessed as good innovators, whereas
there are more poor innovators (55%) in the others cat-
egory. (Those who are suppliers-cum-manufacturers have
been grouped with suppliers to form a single category,
others). It could be understood that due to their nature of
operations, the manufacturers might have scored higher
than the suppliers on product and process innovation. This
appears as one strong reason for them to outperform the
others on the overall innovativeness.
Technological innovation and performance
Another set of questions measures the effect of innova-
tions on company sales (SALE) and on other important
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tion time (TIME), production cost (COST), production
flexibility (FLEX), and production quality (QUAL)
(Neely et al. 1995; Kaplan and Norton 1992). Since the
study deals with the paper industry, environmental
factors such as emission of hazardous fumes (EMSN)
and disposal of solid waste (DISP) are also included in
the study as another two important (dependent) vari-
ables. This is evidenced from the literature that
researchers have examined innovation as a dependent
(Wan et al. 2005) as well as an independent variable
(Lin and Chen 2007; Mansury and Love 2008). The
present paper studies innovation as an independent
variable.
Respondents were requested to report the effect of
technological innovations, which they have introduced dur-
ing the mentioned period of three years, on these perform-
ance parameters. A five-point Likert scale (Sawang 2006)
ranging from improved significantly through improved
moderately, no effect, worsened moderately to worsened
significantly was proposed to them for this purpose. Bivari-
ate correlation analysis is then run on the data obtained on
company innovativeness.
Table 1 shows that whether performance is in the form
of outputs (such as sales), production factors (such as
production time, cost, flexibility, and quality) or environ-
mental hazards (such as emissions and disposal of
wastes), innovativeness is likely to have its impact on it.
Except for production flexibility, all performance indica-
tors have a significant correlation with the company’s
innovativeness. Sales, the most commonly used measure
of performance, shows a highly significant positive rela-










Manufacturers                     Others
Good Innovators Poor Innovators
Figure 1 Good and poor innovators.to quickly incorporate the changes required in volume
and deign (flexibility) and improve the quality has been
found positively linked with how innovative the company
is. However, the strength of relationship between innova-
tiveness and flexibility is not significant. Since greater
flexibility is more a factor of process innovation, this in-
significant correlation may be explained by examining
the companies’ scores on process and product innova-
tions separately. This argument is also supported by the
literature, which reports that considering product and
process innovation together or separately does influence
the effect of innovation on performance (Michie and
Sheehan 2003). The correlation coefficients also indicate
that the greater the company innovativeness, the lower is
the production time, cost, emission, and waste. This may
be inferred that innovative companies not only perform
better in competitive terms, but also are less harmful to
the environment.
To further investigate the relationship between inno-
vation and performance, MANOVA is carried out with
company innovativeness as the predictor variable,
whereas changes occurred due to innovation in the sales,
time, cost, quality, flexibility, emissions, and waste pro-
duction as dependent variables. The results are shown in
Tables 2 and 3.
Descriptive statistics indicate that the mean scores on
the factors such as sales, quality, and flexibility are higher
for the good innovators than those for the poor innova-
tors. Conversely, the factors which are likely to be reduced
as a result of innovations, such as time, cost, emissions,
and disposal of waste, have shown higher means for the
poor innovators. This can also be observed from the
standard deviation column that good innovators have
been more consistent than their poor counterparts, except
in cases of quality and flexibility, where wider dispersions
are reported for the good innovators. The overall situation
signals that innovation is likely to affect all variables
positively.
The Box’s test of equality of covariance matrices is
conducted to validate the assumption of homogeneity be-
fore proceeding further. The result (Box’sM=36.229;
p= .530) suggests that the assumption is valid, and
hence, the multivariate tests (Table 3) are reliable (Field
2005). The significance column and INNO row of Table 3
indicates that innovations have a significant effect on
performance. However, the results do not tell anything
in detail. To investigate this effect with reference to the
individual variables and their combinations, DFA is ap-
plied. Since there are only two groups (good innovators
and poor innovators) involved in this analysis, there has
to be a single discriminant function variate. The initial
outcome of the DFA reveals that this variate is signifi-
cant (Wilk’s lamda= .361; p= .000). Finally, the structure
Table 1 Correlation matrix
Factors INNO TIME COST DISP EMSN SALE FLEX QUAL
INNO Correlation 1 −.812* −.779* −.547* −.670* .837* .111 .402**
Significance .000 .000 .001 .000 .000 .545 .023
N 32 32 32 32 32 32 32 32
TIME Correlation 1 .680* .632* .673* −.716* −.126 .296
Significance .000 .000 .000 .000 .492 .100
N 32 32 32 32 32 32 32
COST Correlation 1 .496* .474* −.668* −.122 −.414**
Significance 32 .004 .006 .000 .505 .018
N 32 32 32 32 32
DISP Correlation 1 .370** −.456* −.074 −.171
Significance .037 .009 .687 .351
N 32 32 32 32 32
EMSN Correlation 1 −.656* −.047 −.192
Significance .000 .800 .292
N 32 32 32 32
SALE Correlation 1 .122 .403**
Significance .507 .022
N 32 32 32






*Correlation is significant at the 0.01 level (2-tailed); **Correlation is significant at the 0.05 level (2-tailed). COST production cost, DISP disposal of waste, EMSN
hazardous emissions, FLEX production flexibility, INNOV technological innovativeness, QUAL production quality, SALE sales, TIME production time.
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ship between the dependent variables and the variate.
The values (canonical variate correlation coefficients) in
this matrix indicate the relative contribution of each vari-
able (and its direction, positive or negative) in differenti-
ating the two groups, poor innovators and good
innovators, from each other.
Conclusions
In this study, a few selected manufacturers and suppliers
belonging to the paper industry are examined for their sta-
tus on innovativeness. According to the defined measure
of technological innovativeness, manufacturers seem to be
more innovative than suppliers in the industry. The
authors have considered seven, most commonly used in
literature, determinants of performance to investigate the
effect of innovation on them. The MANOVA results in a
significant difference between the overall performance of
the good innovators and that of the poor innovators. The
finding is well supported by the literature (Gomes et al.
2006; Loof and Heshmati 2002). The study conducted byGomes et al. (2006), for example, is indicative of two out-
comes relevant to the present study. One, innovation as-
pect of performance measurement has been the least
important among the Portugalis manufacturing industries
out of the six dimensions identified by the authors. This
justifies the need of the present study. The second out-
come that the high performers have scored slightly better
than the low performers on the use of innovation dimen-
sion of performance measurement, strengthens the find-
ing of this study. Further, the DFA reveals that increased
sales, reduced time and cost of production, better control
over emissions and waste, and improved quality and flexi-
bility discriminate good innovators from the poor ones.
However, increase in sales, decrease in production time,
and reduction in hazardous emissions emerge as more
prominent outcomes of technological innovations.
Due to a small sample size, restricted to a particular
region, the findings may not be generalized for other in-
dustries and regions. More valuable results are expected
if process and product innovations are studied separ-
ately, added with more than two levels of innovativeness.
Table 2 Descriptive statistics (MANOVA)
INNO Mean Standard deviation N
TIME 1 2.7857 .89258 14
2 1.6667 .48507 18
Total 2.1563 .88388 32
COST 1 3.0000 .87706 14
2 1.9444 .63914 18
Total 2.4063 .91084 32
DISP 1 2.7143 1.13873 14
2 2.1667 .78591 18
Total 2.4063 .97912 32
EMSN 1 3.0000 .87706 14
2 1.8333 .61835 18
Total 2.3438 .93703 32
SALE 1 3.0714 .82874 14
2 4.5556 .51131 18
Total 3.9063 .99545 32
FLEX 1 3.2143 .57893 14
2 3.5000 .98518 18
Total 3.3750 .83280 32
QUAL 1 3.5714 .64621 14
2 4.0556 .80237 18
Total 3.8438 .76662 32
Table 4 Structure matrix
Variate Variable
SALE TIME EMSN COST QUAL DISP FLEX
1 .856 −.623 −.606 −.541 .252 −.221 .132
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Technological innovation is defined in this paper as the set
of activities through which a new or significantly improved
product or process has been launched by a company to it-
self or to the industry during the last 3 years (OECD 2005;
Nieto 2004). A structured questionnaire (Additional file 1)Table 3 Multivariate tests







.993 523.286 7.0000 24.000 .000
Wilk’s
lambda
.007 523.286 7.0000 24.000 .000
Hotelling’s
trace
152.625 523.286 7.0000 24.000 .000
Roy’s
largest root
152.625 523.286 7.0000 24.000 .000
INNO Pillai’s
trace
.639 6.066 7.0000 24.000 .000
Wilk’s
lambda
.361 6.066 7.0000 24.000 .000
Hotelling’s
trace
1.769 6.066 7.0000 24.000 .000
Roy’s
largest root
1.769 6.066 7.0000 24.000 .000has been designed (Wan et al. 2005; Sawang 2006) and
administered to a sample of SMEs operating under the
paper industry in a few selected districts of northern India.
The companies were identified from the business director-
ies and through personal contacts. The questionnaire was
pretested on a small sample of nine companies. Later on,
143 companies were contacted using convenience sampling
method for actual data collection. With a low but sufficient
response rate of 27%, 39 respondents filled the question-
naire. After scrutinizing and editing the received responses,
32 questionnaires were found usable for the analysis. SPSS
version 13.0 of SPSS (IBM Corporation, Armonk, NY,
USA) has been used to run multivariate analysis of variance
(MANOVA), followed by discriminant function analysis
(DFA) to obtain the results.Additional file
Additional file 1: Structured questionnaire.Authors’ information
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